INTRODUCTION 2
Scientific names of organisms and the higher groups in which they are classified are key identifiers of 3 the world's biodiversity (Rees, 2014) . Assigning a species identify to an organism is essential in a 4 wide array of disciplines including ecology, conservation and forestry (Tyrell, 2019) . Removing 5 synonyms from plant species lists is needed to predict the total number of vascular, seed and 6 flowering plant species (Lughadha et al., 2016) . Taxonomic uncertainty is one of the major gaps in (Fox, 2005) . Exact matching with the WorldFlora::WFO.match function can be 8 undertaken for the entire plant name or simultaneously for genus, species and infraspecifc levels. 9 status. Information about the rationale for selection is given in a separate column in the output. 20
Where multiple candidates remained, the function selects the match with the smallest WFOID field. 21
Successful matches by WorldFlora are limited to the scope of the World Flora Online of vascular 22 plants and bryophytes, similar to software packages that use The Plant List such as Taxonstand 23
Kindt. WorldFlora R package. p 6 (Cayuela et al., 2012) . Therefore, users ideally should not attempt to resolve names from organism 1 groups that are not covered such as algae, fungi or lichens (Wagner, 2016). Four data sets were used to check the performance of WorldFlora and to describe some of its 9
features. The first is a random subset of 1,000 species selected from the GlobalTreeSearch (GTS) 10 database (Beech et al., 2017; version 1.3 accessed from 11 https://tools.bgci.org/global_tree_search.php ). Of these, 957 species were matched directly ( Table  12 1). The remaining 43 were matched by the fuzzy algorithm. Where several matches were retrieved, 13 the first option of finding the single best match was by selecting the record with the smallest LD 14
Kindt. WorldFlora R package. p 8 between the submitted and matched Authority (selecting the best author match is the default 1 option for WorldFlora::WFO.one if the Authority variable is declared). This option resulted in 24 2 single matches, including 21 matches with a LD between authorities of zero (for example, the 3 selection of Bauhinia grandifolia (Bong.) D.Dietr. and rejection of Bauhinia grandifolia Steud.; see 4
Appendix S1). The remaining five single matches were based on not selecting a synonym name, with 5 4 of those having a LD between authorities of zero as by selecting Xylosma intermedia (Seem.) 6
Griseb. and rejecting synonym Xylosma intermedia (Seem.) Triana & Planch. For 957 species, the 7 name retrieved by WorldFlora was exactly the same as the submitted name (classified as 'correct' in 8 1
The second data set used as a case study was a working list of 1,741 commercial timber tree species 2 (CTTS; Mark et al., 2014) . Names were matched directly for 1,638 taxa and by fuzzy matching for the 3 remaining 103 names (Table 1) and rejecting wfo-0000913938: Scottellia coriacea A.Chev.), but in only one case were the candidate 7 species different (selecting synonym wfo-0000416717: Ulmus glabra and rejecting synonym wfo-8 0000475766: Planera aquatica for the submitted Ulmus campestris). It was confirmed for 28 species 9 that where the original data set had included a synonym name between brackets, that this was 10 indeed the accepted synonym name (for example, Dysoxylum euphlebium to be a synonym of 11
Dysoxylum alliaceum). Among the 13 species where the submitted and retrieved name was not 12 exactly the same (not 'correct' as in Table 1 The third data set that was tested was a combination of three sub data sets initially created to 1 compare different software packages for correcting plant names ('Wagner', Wagner, 2016). The 2 argument Fuzzy.max was increased to 2,500 because an initial run of WFO.match could not resolve 3 many of the names submitted at genus rank. As the testing procedure involved deleting the last 4 character from a list of species names, all the matches were fuzzy, as might be expected (Table 1) . 5
One hundred of the names were not identical to the expected names (not 'correct ' in Table 1 ). Of 6 these, 60 were names of algae, fungi and lichen species outside the scope of World Flora Online and 7 its predecessor The Plant List. Five of these names were spelling variants, one was an interspecies 8 hybrid (Carex acuta x elata) and two were matched as varieties rather than the submitted 9 subspecies names (Keckiella antirrhinoides var. microphylla for Keckiella antirrhinoides subsp. 10 microphylla, Saxifraga adscendens var. oregonensis for Saxifraga adscendens var. oregonensis). 11
Reasons that no acceptable matches were found for the remaining 32 species included 7 names 12 where the submitted family is not included in the WFO (Aceraceae, Najadaceae, Punicaceae, 13
Taccaceae, Theophrastaceae, Tiliacae and Vittariaceae). None of these families were retained in the 14 fourth update of the Angiosperm Phylogeny Group (2016) classification of orders and families of 15 angiosperms. Seven were names where the number of fuzzy matches was too high to retrieve the 16 genus name, while there were nine names where a submitted hybrid was matched by a non-hybrid 17 name. In three cases, mismatches resulted from selecting the record with the smallest ID from 18 The fourth data set that was analysed, 'SALVIAS', is a list of 1,000 plant names that was used earlier 3 in a comparison of TNRS with other online tools for automated standardization of plant names 4 (Boyle et al., 2013). The same data set was used in a more recent evaluation study (Sharma et al., 5 2019 ). This data set offers various challenges to plant name checking, such as inclusion of names in 6 capital letters. This particular challenge is handled by WFO.match by option 7 spec.name.tolower=TRUE, whereby submitted names are converted to lower case, except for the 8 first character. The challenge of handling semi-standardized qualifiers that are used in plant names, 9 such as 'cf.' that indicates that not all of the diagnostic characters correspond to a given species, or 10 'aff. ' that indicates that a specimen has some affinity but is not identical to a known species, is 11 handled by deleting these characters from the name. Taxamatch (Rees, 2014) authority , when no matches are found with the submitted name that included the authority, a 16 search is done for the first two words of the submitted name now expected to correspond to the 17 genus and species names (default option for argument Fuzzy.two). If the search still does not find a 18 name match, then a match is attempted for the first word only (default option for argument 19 Fuzzy.one). Names that contain brackets, possibly at the beginning of the authority name, are 20 stripped from the entire part starting with the bracket (default option of spec.name.nobrackets). 21
Names that contain numbers are searched only for the first word, with the remaining part of the 22 submitted name suspected to correspond to unidentified species (default option of 23 spec.name.nonumber). 24
Kindt. WorldFlora R package. p 13
An initial run of WorldFlora.match with SALVIAS yielded 25 names with no match. Visual inspection 1 of these unmatched names revealed cases where a qualifier 'cf' was used instead of the standard 2 'cf.' or 'aff' instead of 'aff.'. Simulating how an actual semi-automatic pipeline of plant name 3 checking would work, incomplete qualifiers were replaced by the correct qualifier that is recognized 4 in the argument of 'sub.pattern'. Likewise, argument Fuzzy.max was increased to 2,000, as the 5 output of WorldFlora.match indicated a series of names where the number of fuzzy matches was 6 above the default 250, with a maximum of 1,974 fuzzy matches for the submitted 'Miconia'. The 7 second run of WorldFlora.match with the modified names and arguments resulted in 734 directly 8 matched names and 254 names with fuzzy matches (Table 1) . Directly comparing the final subset of 9 names obtained via WorldFlora.one with those obtained by TNRS 10 (http://tnrs.iplantcollaborative.org/TNRSapp.html; accessed on 12-12-2019 with default settings) 11 showed 951 identical names ('correct' in Table 1 ). Among the 49 names that were not identical, 12 eight were spelling variants such as Commiphora laxecymigera vs. Commiphora laxicymigera. For 16 13 of the names that were not identical, WorldFlora resulted in a more credible match than TNRS. For 14 example, the submitted Asteraceae and Fabaceae families were correctly matched by WorldFlora, 
